カオス場における間欠性と対称性 : 等方2次元反応拡散系を用いた解析 (力学系理論と複雑系の数理) by 本河, 知明 et al.
Titleカオス場における間欠性と対称性 : 等方2次元反応拡散系を用いた解析 (力学系理論と複雑系の数理)
Author(s)本河, 知明; 藤坂, 博一; 宮崎, 修次











Graduate School of Informatics, Kyoto Univ.









. , , ,
, [1].
, ( ) 2 ,
, .
, 2 .
$\ovalbox{\tt\small REJECT}(r, t)=F(X, t)+\hat{D}\nabla^{2}X$ (1)
$\hat{D}\nabla^{2}X=0$ ( ) , $tarrow\infty$
$M$ . 2 , $\hat{D}\frac{\partial^{2}}{\partial x}\mathrm{z}X\neq 0,$ $D^{2} \frac{\partial}{\partial y}\tau X$ $=0$
$oV_{e}$ , $\hat{D}\frac{\partial^{2}}{\partial x}\mathrm{Z}X=0,\hat{D}^{2}\frac{\partial}{\partial y}\tau X\neq 0$
$V_{y}$ .
, $x$ $y$ ,
? ,
. , $M$ .
, $V_{l}$ $V_{y}$ .
, $x$ $y$ ,





, 2 , 3
, , 2
$\mathrm{a}$ , 1 .
2 -
, $a$ , $\Omega$ ,
.
$\{$
$\dot{X}(r,t)$ $=$ $F(X,\mathrm{Y})+a\mathrm{c}\mathrm{o}\mathrm{e}\Omega t+D\nabla^{2}X$ ,
$\dot{\mathrm{Y}}(r,t)$ $=$ $G(X,\mathrm{Y})+D\nabla^{2}\mathrm{Y}$
(2)




$\dot{X}^{0}(r,t)$ $=$ $F(X^{0},\mathrm{Y}^{0})+a\mathrm{c}\mathrm{o}\mathrm{e}\Omega t$,





. $X(r, t)=X^{0}(t)+\tilde{X}(r, t),$ $\mathrm{Y}(r, t)=\mathrm{Y}^{0}(t)+\tilde{\mathrm{Y}}(r, t)$ (2)
, $\tilde{X}(r, t),\tilde{\mathrm{Y}}(r, t)$ ,
$(\tilde{X_{k}.}.(t)\tilde{\mathrm{Y}}_{k}(t))=(\begin{array}{ll}F_{X}(t)-D|k|^{2} F_{\mathrm{Y}}(t)G_{X}(t) G_{\mathrm{Y}}(t)-D|k|^{2}\end{array})$
.
$(\begin{array}{ll} \tilde{X}_{r}(t)-\sim \tilde{\mathrm{Y}}_{r}(t)\end{array})$ (4)




. $\Lambda_{k}(t)$ $k$ , ,
$\lambda_{k}\equiv\lim_{tarrow\infty}\frac{1}{t}\int_{0}^{t}\Lambda_{k}(s)ds=\lambda_{0}-Dk^{2}$ (6)








$k$ . , $k$
. ,
, .
$\lambda_{0}$ , $k=0$ ,
. $\lambda_{k_{c}}=0$ k ,
$k_{c}=\sqrt{\frac{\lambda_{0}}{D}}$ $)(7)$





. 1 . L<L $k=0$
, L>L , $k=0$ ,
.
, ,
$k= \frac{2\pi}{L}n=\frac{2\pi}{L}(n_{x},.n_{y})$ , $n_{x},$ $n_{y}=0,$ $\pm 1,$ $\pm 2,$ $\cdots$ (9)
, $n$ . , $k$ $\lambda_{k}\equiv$
\lambda (nx’n .
,
$F(X, \mathrm{Y})=A+X^{2}\mathrm{Y}-(B+1)X$, $G(X, \mathrm{Y})=BX-X^{2}\mathrm{Y}$ (10)
[2, 8, 9]. , $A=0.4,$ $B=1.2$ , $a=0.12$ ,
$\Omega=0.9$ , $D=0.1$ . ,
49
$L$ . $\lambda_{0}\ovalbox{\tt\small REJECT} \mathrm{Q}$ 0347
, $L_{c}\ovalbox{\tt\small REJECT} 1067$ . 3 4 $L\ovalbox{\tt\small REJECT}$ L





$\lambda_{k}=\lambda_{0}-D[(\frac{2\pi n_{x}}{L})^{2}+(\frac{2\pi n_{y}}{L})^{2}]$ (11)
. , , $x$
$y$ , .
L\sim >L , $k=0$ $(\pm 1,0)$ $(0, \pm 1)$
. , 1
.
, 2 , $x$ $y$
.
$l_{x}(t)$ $\equiv$ $\sqrt{|\tilde{X}_{(1,0)}(t)|^{2}+|\tilde{\mathrm{Y}}_{(1,0)}(t)|^{2}}$ , (12)
$l_{y}(t)$ $\equiv$ $\sqrt{|\tilde{X}_{(0,1)}(t)|^{2}+|\tilde{\mathrm{Y}}_{(0,1)}(t)|^{2}}$ (13)
, $l_{x}(t),$ $l_{y}(t)$ ,
$\theta(t)=\arctan\frac{l_{y}(t)}{l_{x}(t)}$ , $(0\leq\theta\leq\pi/2)$ (14)
. $x$ $y$ $\theta(t)=0$ , $y$
$x$ $\theta(t)=\pi/2$ ,
$x$ $y$ .
2 $L=10.70(=1.0028L_{c})$ . ,
, $aV_{e},$ $aV_{e}$
. ,
, , 1 .








(a) $\theta(t)$ . (b) $l_{x}(t),$ $l_{y}(t)$ .
2:(a) $oV_{e}$ , (b)
$l_{x}(t)$ $l_{y}(t)$ . (b) , $l_{y}(t)$





[3, 4, 5, 6, 7]. ,
, 1
[2]. 2 1 , 1
.
, (1) ( $P(l),$ $(2)$
$\tau$ $Q(\tau)$ , (3) $l(t)$ $I(\omega)$
. 1 2 , .
3 , 1 2 .
, 2 , . ’ $\acute{\{}\mathrm{g}\mathrm{B}\mathrm{V}\overline{\mathrm{i}}$
.
, , $(\pm 1,0)$
$(0,\pm 1)$ , ,
\vdash , , 1
.





(a) $P(l)$ (b) $Q(\tau)$ (c) $I(\omega)$
3: , 1 2 .
1 2 , 2 1
.
4






, $\xi x(r,t),$ $\xi_{\mathrm{Y}}(r, t)$
$\{$
$\dot{X}(r,t)$ $=$ $F(X,\mathrm{Y})+a\mathrm{c}\mathrm{o}\mathrm{e}\Omega t+D\nabla^{2}X+\xi \mathrm{x}(r,t)$




$\langle\xi\iota(r,t)\xi_{l’}(r’,t’)\rangle=2\gamma\delta_{l,l’}\delta(r-r’)\delta(t-t’)$ , $l,$ $l’=\{X,\mathrm{Y}\}$ (19)
. $\gamma$ . ,
.




(a) $L=10.68,\gamma=10^{-8}$ (b) $L=11.00,\gamma=10^{-8}$ (c) $L=\mathrm{I}\mathrm{L}\mathrm{O}\mathrm{O}$ , $\gamma=10^{-12}$
4: $\theta(t)$ . , . $L$





2 $(\pm 1,\pm 1)$
. , $L$ 5 . 5




(a) $L/L_{c}$ : $l_{(1,0)}$ (b) $L/L_{c}$ : $l_{(0,1)}$ (c) $L/L_{c}$ : $l_{(1,1)}$
5: 2 090L <L<2.10L . $L$ , 1
, 1 , 2 , 2
. L/L 005 .
, 2 L\sim >1.95L .
$\theta(t)$ , $(1, 1)$
53
6 . , ,
$(1,1)$ ( ) . ,
$(1,1)$ .
, 7 . , $\sqrt{l_{(1,0)}(t)^{2}+l0,1)((t)^{2}}$
$\delta\theta(t)$ 0 , , $l_{(1,1)}(t)$
, $\delta\theta(t)$ . ,
, $(\pm 1,\pm 1)$ .
(a) $\theta(t)$
(b) $l_{(1,1)}(t)$
7: $\sqrt{l_{(1,0)}(t)^{2}+l_{(0,1)}(t)^{2}}$ : $\delta\theta(t)$















. $(\pm 1,\pm 1)$
.
[1] A. Krawiecki and A. Sukiennicki: Acta Phys. Pol. 88(1995), 269. ;
F. T. R\"odelsperger, A. $\check{\mathrm{C}}$enys and H. Benner: Phys. Rev. Lett. 75(1995), 2594. ;
J. Becker, F. R\"odekperger, Th. Weyrauch, H. Benner, W. Just and A.
$\check{\mathrm{C}}$enys: Phys.
Rev. $\mathrm{E}59(1999)$ , 1622.
[2] H. Fujisaka, K. Ouchi, H. Hata, B. Masaoka and S. Miyazaki: Physica $\mathrm{D}114(1998)$ ,
237.
[3] H. Ehjisffia and T. Yamada: Prog. Theor. Phys. 74(1985), 918; 75(1986), 1087.
[4] –: $\mathrm{V}\mathrm{o}\mathrm{l}.9$ No 1, 28 ( , 1999)
[5] E. Ott and J. C. Sommerer: Phys. Lett. A188(1994), 39.
[6] Y. -C. Lai and C. Grebogi: Phys. Rev. $\mathrm{E},$ $52$ (1995), R3313.
[7] M. Zhan and G. Hu: Phys. Rev. $\mathrm{E}62(2000),$ $375$ .
[8] T. Kai and K. Tomita: Prog. Theor. Phys. Suppl. 64(1978), 280. ;
K. Tomita and T. Kai: Prog. Theor. Phys. 61(1979), 54.
[9] T. Yamada and H. Hhjisaka: Prog. Theor. Phys. 70(1983), 1240.
[10] M. Abramowitz and I. A. Stegan (Eds.): Handbook of Mathematical Functions,
Chap. 25, Dover Publications, New York, 1972.
[11] A. C. $\mathrm{B}\mathrm{r}\mathrm{a}\acute{\mathrm{n}}\mathrm{k}\mathrm{a}$ and D. M. Heyes: Phys. Rev. $\mathrm{E}58(1998)$ , 2611.
55
